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1. Context : Towards Lenslesss Endoscopy Schematic of the sensing model
SLM configuration
Case of study [1]
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How to see neurons firing? = SLM controls the light injected in each core of the MCF. > The cores define a set § critical for the sensing < speckle illumination.
> Image at microscale, in depth. h q; Colden F o S Farfiold on: MCF di ¢ q le-Distal End d;
> — - . -
~ With the least invasivity. e cores are aranged in a Golden Fermat's spiral [1]. ar-field assumption: iameter < Sample-Distal End distance.
Solution: > The light reflected /reemitted by the sample is > Field-of-view & speckle illumination diameter < core mode field.
—> Lensless endoscopy! integrated in a single-pixel detector.

2. Interferometric sensing model 3. Interferometric structural models

Complex light wavefield . A o . . :
emitted by core g E.(z,p,) = aget e = CJw(z)e > p, @ Low complexity model (LCM) in f LCM in Zg
Spike model & N Low-rankness
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y(fio, Q1) = /RQ S(x; o) f(x)dx

Single speckli illumination NW @) = S0, prtba (@) with ||p, = K < d Z v lv]
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coded core wavefields j k=1 Pixel Remark: Zq is almost circulant = Zqo = C*JC with J a circulant matrix.

, , Detector = Forward model = autocorrelative model to reduce computational cost
= o Lolwfla € Ry = linear in f D
Collecting M measurements M n
& M SLM codes {a,, }M_, {Ymm=1 =y =AoZo[f]| =Bf @ Reconstruction algorithm: given B=.A4A07 o F
Two-step Rank-One Projection ROP Interferometric matrix > If f is discretised, and sparse in pixels, hope to solve the inverse problem with
measurement f € argmin,, ||ul1 s.t. H B(f) +n— —B(u H1 < (BPDNy, )
(AH|)m = o, Haouy, Iolf] = F{f}[ ] —
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@ (5 /€1 instance optimality of BPDNy, : given K > 2k, if:

Asymptotic problem E[A"AZq| #Zq iftrZo #0
. > for k' € {K, K + k}, we have ay/||ull2 < ||B(u)||1 < Br||ul|2, V& -sparse u

Solution 1 .

> and —=api g — Bx~~—= > 7> 0,
Diagless ROP V2 VK

Then

(Aa[H])m := o, (H — diag H)o L 1f-Fla< T pe

& debiasing the measurements y | N VE ——

Partial Fourier sampling Model error Noise error

4. Numerical experiments 5. Real experiments

Recover piecewise constant object solving

f=argming ly - Bf[|3+Alf[rv st. f>0

pe € R ~ U0, 255]
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Recover 1-D signal solving f = arg min Hly=BflI3+Afll1, with {
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= Reconstruction limited by FOV
Transition curves obtained with M = 100 ROPs, Transition "cube" : :
' = compute SNR in FWHM of envelope region.
ensures recovery of Zq. M ROPs of Zg[wf] € C@*? for K-sparse f. P . . o b S .
N o | | | > Both GT and estimate intensities are renormalized to |0,1].
If K ~ = transition point (in Q) . 60 trials/pixel, success if SNR> 40dB.

> SNR: 11dB.

References Conclusion

1] S. Sivankutty, V. Tsvirkun, G. Bouwmans, D. Kogan, D. Oron, E. R. An- dresen, and H. Rigneault. Extended field-of-view in a lensless
endoscope using an aperiodic multicore fiber, Optics Letters, 41 (2016), p. 3531

2| E. Candes, J. K. Romberg, and T. Tao. Stable signal recovery from incomplete and inaccurate measurements. Comm. on Pure and Applied
Math., LIX:1207-1223, 2006.

3] S. Guérit, S. Sivankutty, J. Lee, H. Rigneault, L. Jacques. Compressive Imaging Through Optical Fiber with Partial Speckle Scanning. STAM
Journal on Imaging Sciences, 2021.

4] Y. Chen, Y. Chi, and A. J. Goldsmith. Exact and stable covariance estimation from quadratic sampling via convex programming. IEEE
Transactions on Information Theory, 61(7):4034-4059, 2015.

5| T. Cai, A. Zhang, et al. Rop: Matrix recovery via rank-one projections. Annals of Statistics, 43(1):102-138, 2015.

_ Forward problem close to phase retrieval,
interferometric model, but still linear in f.

> LCM in f yields LCM in Zq.

> Potential for computational cost reduction.

= Theoretical guarantees.

> First experimental results = Proof of concept.
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